In this work a number of cast samples of A356 and A390 were prepared by rheocasting in a specially designed and built furnace unit allowing for the addition of the nano-particles into the molten Al-Si alloy with mechanical stirring. The microstructure features and the mechanical properties of the cast samples were investigated, as well as resistance to wear and corrosion in laboratory tests.
INTRODUCTION
Cast light metal alloys have retained their importance and unique characteristics as first candidates when cost-function relationship is considered. Hypoeutectic and hypereutectic aluminum silicon alloys as (A356, and A390) exhibit several specific and interesting properties that qualify them to be used in many automotive and aeronautical applications. Evidence of significant enhancement in strength and the properties of Al-Si cast alloys by incorporating nano-particles have been recently presented. Preliminary investigations [1] [2] [3] [4] show that introducing nano-ceramic particles to (A356) has a beneficial effect on optimizing strength -ductility relationship in these alloys. Recent studies [5] [6] [7] also shows enhancements in strength, hardness, and tribological properties of hypereutectic Al-Si alloy (A390) by introducing reinforcement ceramic particles and it was concluded that as the reinforcement particles size goes smaller their effect is much more beneficial.
EXPERIMENTAL WORK

Materials
The base metal for the produced material was basically two types of cast Al-Si alloys: namely; hypoeutectic alloy A356 and hypereutectic alloy A390 the analysis of which is given in Table (1) . The two alloys were chosen for their wide use in automotive and aeronautical applications. The material used for reinforcement was Al2O3 and TiO2 ceramic nano-particles with constant particle size of 50 nm, the description of which is given in Table ( 2).
Equipment
Furnace description
An electrical furnace was designed and constructed for this research work for preparing the nano-dispersed alloys. It consists of a lift out graphite crucible of max. 8 kg, heating system, and is connected to a stirring mechanism of max motor 3000 rpm with variable height and a control unit up to 1200•C with a thermocouple for controlling the temperature stirrer (Fig.1) . Mould A metallic mould was made of cast iron with nine cylindrical shapes of diameter 20 mm and 13mm height as shown in Fig. (2) .
Melting, Adding Powders and Pouring
A charge of 3Kg of the base alloy was introduced to the crucible and heated up to the melting temperature (630 0C for A356 and 655 0C for A390). After reaching the liquid state the melt was degassed with either argon or hexacholorethane degasser Tablet before pouring, to get rid of gases. After degassing the melt was brought down to the semis-solid state (590•C-605•C for A356 and 610 0C-615 0C for A390) and hence the nano-particles additions of Al2O3 were prepared in packages of aluminum foil and preheated to 200̊ C and then added to the melt simultaneously with mechanical stirring for 1 min at 1000 rpm. Table 3 summarizes the fabrication conditions of the composites prepared in this investigation. Cast samples were poured in the prepared mould without additions and with additions of the different investigated percentage additions. The prepared cast samples were hence used for further investigation.
Material Characterization
Optical microscopy microstructure investigation Representative sections from the cast samples were cut into 3 pieces: the 1st from the top, the 2nd from the middle and the 3rd from the bottom. Samples were wet grounded on a rotating disc using silicon carbide abrasive discs of increasing finesse (120, 180, 220, 320, 400, 600, 800, 1000, and 1200 till 4000 grit). Then they were polished using 1 and 3 µm diamond paste. This was followed by polishing and micropolishing using a vibrator polishing machine. The microstructure examination was carried out using optical metallurgical microscope equipped with a high resolution digital camera for investigating microstructure.
Scanning Electron Microscope (SEM)
The morphology of the primary phases and eutectic structure was further investigated using JSM-7000F SEM to detect the favorable sites for nano-particles incorporation and their influence on the microstructure features and formed precipitates by using back scattered electrons techniques. Samples of Back Scattered Electrons (BSE) were prepared and this process started by grinding them followed by polishing and micro-polishing using a vibrator polishing machine. Some selected samples for SEM examination were prepared by cross section polishing with argon ions using Jeol SM09010-cross section polisher. Some selected samples for SEM examination were prepared by cross section polishing with argon ions using Jeol SM09010-cross section polisher
Mechanical properties characterization
Some mechanical properties of the investigated composites were determined in the as-cast treated and non-treated conditions; namely: tensile strength, ductility, and hardness.
Tensile test
Tensile test specimens were cut from the different aged bars and machined to the specified dimensions according to ASTM standard. Fig. 3 shows the standard specimen, and the main dimensions are listed in Table 4 . Three test specimens were prepared for each condition only for A356.
Hardness test
The micro-hardness was measured for the A390 samples in order to further understand the relationship between the hardness of the micro-constituents and the overall hardness of the new material, as well as understanding the role of the nanoparticles on the hardness. The microhardness examination was carried out using Polyvar optical metallurgical microscope equipped with a high resolution digital camera for investigating microstructure, equipped also with Vickers micro-hardness tester. 
Configuration Dimensions (mm)
G -Gage length 45 D-Diameter 9 R-Radius of fillet 8 A-Length of reduced section 54 C-Diameter of end section 15
The Overall hardness was also measured for the A356 alloys using Brinell hardness testing using 2.5 mm "diameter hardened steel ball and 31, and 62.5 kg applied load (P/D2= 5, 10). The reported results are the average of three reading.
Corrosion Test
Potentio-dynamic corrosion test
The corrosion test was conducted using Auto lab PGSTAT30 galvanostat/ potentiostat instrument, with 1 cm 2 exposed area. The test solution used in these experiments was 3.5% NaCl at the ambient temperature. The scan rate was 5 mv/sec.
Immersion test
The immersion corrosion test was conducted by suspending the disc shaped tested samples in 3.5% NaCl aqueous solution. The specimens were ground, polished and cleaned by de-ionized water followed by rinsing with methanol and finally dried before the test. The specimens were exposed for 72 hours. After exposure the specimens were cleaned in 50% Vol. Nitric acid and dried. The results of the corrosion test were evaluated using weight loss measurements by using a digital balance. The corrosion rate in mg/cm2 was transformed to mm/y using the following relation: mm/y = 87.6 x (W/DAT) where W is weight loss in mg, D is density in gm/cm3, A is area in cm2, and T is the exposure time.
Pin-on Disc Wear Test
Wear test was conducted using a pin-on-disc technique at 265 rpm and 0.4 bar applied load for 30 minutes long, running on a steel disk of 63 Rc hardness. other hand the elongation % changed from 2.1% for the base A356 alloy to 2.4% for 1% addition, 4% for the 2% addition, and 3.2% for the 3% addition, as can be seen from Fig. (5) . From the two Fig. (4 and 5) it is evident that adding the nano-particles caused an increase in both tensile strength and elongation % of the nanocomposites till 2% addition, afterwards a drop in both properties occurred.
RESULTS AND DISCUSSION
Hypoeutectic
Though it has been shown on many occasions including most recently [8] that the variability in tensile ductility in A356 cast alloys is usually attributed to the presence of large oxide films and residues of fluxes, grain refiners and modifiers; the statistical nature of improvement in ductility in alloys cast under the same conditions cannot be ignored.
Effect of nano additions on hardness of A356 alloy
Figure (6) shows the change in the hardness of the base alloy and the nanocomposite containing 1%, 2%, and 3% Al 2 O 3 nano-particles respectively. The Figure reveals a continual increase in hardness with amount of nano-addition, though the drop in the hardness of the 1% nano-dispersed alloy is not understood at this stage.
Effect of nano additions on microstructural features of A356 alloy
The microstructural features of the prepared material obtained through this work are shown in figs. (7) (8) , where the influence of nano-particles addition is evident. The microstructure clearly indicates the presence of aluminum dendrites which tend to be spherodised in some areas after semi-solid casting and stirring. Table (5) and Fig.  (9 and 10) show the influence of nanoparticles addition on some microstructure features namely; dendritic arm length, and inter-lamellar spacing in the eutectic silicon phase. It is seen from this Table that the addition of 1 wt.% has caused a decrease in the dendrite arm length average value from 24.91 ± 11.3 to 20.4 ± 6.5, and the inter-lamellar spacing in the eutectic silicon phase from 3.795 ± 1.61 to 2.475 ± 1.05. The decrease in these measurements is an indication of a probable refining effect induced by the addition of the nano particles. The decrease in the difference between minimum and maximum length of dendrite spacing represented by the decrease in the standard deviation indicates the tendency of the α-Al dendrites to change to more rounded or spheroid shape to be more globular or rounded. Similar behavior has been reported [3] , though the alloys were manufactured in a different manner the researchers [3] have found that the addition of Al 2 O 3 particles to A356 alloy has reduced the grain size of the aluminum matrix, it has been also shown that there is variation in the porosity with the particles content. Yet great enhancement in the tensile properties was reported for the nano-reinforced alloy both in this work and in other literature [3] .
Hypereutectic Alloy A390
Microstructure and microhardness The microstructure of the investigated hypereutectic Al-Si alloys consists of three different phases; namely: primary silicon particles, eutectic structure, and α-Al. The hardness values of those phases contribute somehow to the overall hardness of the alloys, Fig. (11) . The primary silicon phase, which the overall hardness of the alloy is highly affected by its presence, shows very high values of hardness in all samples; yet, the highest values is associated with the presence of 0.5% TiO 2 , also analysis shows that, silicon particle size plays a role in its hardness value; as the silicon particles size increase the hardness value increases. An overall improvement in micro-hardness values was reported for all phases upon the addition of the nano-particles, as can be seen in Table ( 6) . As shown from Table (5) an improvement in the hardness values occurs with nano-particles addition. The enhancement in hardness for the nanodispersed materials is highly believed (as will be shown later) to be related to the refining effect of the nano-particles on the primary silicon particles as well as on the other microstructure features. microhardness test where the hardness of the is particles seem to be of dominance in controlling the overall hardness.
Microstructure and hardness of A390 alloy
Effect of nano additions on microstructural features of A390 alloy
The microstructure of the developed alloys was investigated for many selected samples. As shown before the microstructure of the investigated A390 alloy consists of primary Si particles in addition to aluminium phase in dendritic or equi-axed form as well as binary Al-Si structure as shown in Fig. (13) . The morphology of the primary silicon in all the studied samples remains as polygonal except in the sample containing 1% Al 2 O 3 where little primary silicon particles in needle like shape were spotted (13 a). Moreover, it is shown from the micrograph (13 a) that the eutectic silicon has two morphologies, one is present in spaces between α-Al dendrite arms and it can be found to be fine, skeleton network with Chinese script morphology [9] ; the second one can be found around the primary silicon particles and it is in the shape of flakes 13 b).
Table (7) and Figure (14) show the influence of nanoparticles addition on some microstructure features namely; dendritic arm length, interdendritic arm spacing and interlamellar spacing in the eutectic silicon phase.
The narrowing of the range of scatter in the size of micro constituents ( Fig. 15) with the processing method developed in this work is obvious. Previous findings have found increased Si particles segregation due to rheo-casting [9] and were explained to be resulting from the shear forces during stirring while solidification occurs. Also an overall trend for size decrease was apparent in the studied samples except for the material containing 0.5% Al 2 O 3 &0.5% TiO 2 cast in semi-solid state which revealed a wide scatter in the silicon particles size, whilst the sample material 0.5% Al 2 O 3 &0.5% TiO 2 cast in liquid state has shown relatively higher content of refined primary silicon particles, though these results maybe an effect of non-homogeneous processing conditions, further study of the role of adding TiO 2 in liquid state should be investigated..
Effect of nano additions on results of pin-on-disc wear test
The wear test was conducted in two different conditions as follows: 1) Rotational speed of 265 rpm, load 0.4 bar, and for 30 minutes long.
2) Rotational speed of 265 rpm, load 0.5 bar, and for 15 minutes long. Figure 16 illustrates the wear test results to the hardness values of the developed material, and shows that the sample which has the highest wear resistance was the sample containing 0.5% Al 2 O 3 & 0.5% TiO 2 and cast in semi-solid state, agreeing with hardness results. 
Results of Corrosion Tests
Potentiodynamic corrosion test
CONCLUSIONS
At this stage of findings for the ongoing research it was found that:
1. Nano-particles could be successfully incorporated into semi-solid slurries of AlSi hypoeutectic alloys by inducing mechanical stirring, though more work need to be done to achieve conditions for homogeneous dispersion. 2. The addition of the preheated reinforced particles in the semi-solid state enhances the wettability of the reinforcement with the matrix compared to the wettability when reinforcement is made in the liquid state and this was reflected by the poor properties of the material prepared in liquid state in this work. 3. The introduced nano-sized particles at different ratios produce a significant refining effect on the microstructure features of both the A390 hypereutectic aluminum-silicon alloys where an obvious refining in the primary silicon particles average size from 30-40 µm to 10-20 µm occurred in the A390 alloy after adding 1% Al 2 O 3 combined with 0.5% TiO 2 . 4. Introducing 1% Al 2 O 3 combined with 0.5% TiO 2 nano-particles to the AlSi hypoeutectic semi-solid cast alloys produces a decrease in the dendrite arm length average value from 24.91 ± 11.3 µm to 20.4 ± 6.5 µm, and the interlamellar spacing in the eutectic silicon phase from 3.795 ± 1.61 µm to 2.475 ± 1.05 µm.
5. The introduction of the nano-sized particles led to an increase in the hardness of both alloys in the as-cast state: reaching the maximum of 40% to the hypereutectic alloy, and 31% to the hypoeutectic alloy. 6. Introducing 2% Al 2 O 3 nano-particles to the AlSi hypoeutectic semi-solid cast alloys produces 34% increase in strength, and 90% ductility of the alloys, and produces a 39.5% increase in strength and 26.4 & ductility of the alloys in the T6 condition. 7. Significant changes have been found in the wear resistance of the tested material after adding nano-sized particles. 8. Significant changes have been found in the corrosion performance of the tested material after adding nano-sized particles. Further investigation is requested.
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Fig (17)
Results of the potentio-dynamic corrosion test.
